


AVAILABILITY OF BOOKS AND MAPS OF THE U.S. GEOLOGICAL SURVEY

Instructions on ordering publications of the U.S. Geological Survey, along with prices of the last offerings, are given in the cur-
rent-year issues of the monthly catalog "New Publications of the U.S. Geological Survey.” Prices of available U.S. Geological Sur-
vey publications released prior to the current year are listed in the most recent annual "Price and Availability List." Publications
that are listed in various U.S. Geological Survey catalogs (see back inside cover) but not listed in the most recent annual "Price and

Availability List" are no longer available.

Prices of reports released to the open files are given in the listing "U.S. Geological Survey Open-File Reports,” updated month-
ly, which is for sale in microfiche from the U.S. Geological Survey, Books and Open-File Reports Section, Federal Center, Box
25425, Denver, CO 80225. Reports released through the NTIS may be obtained by writing to the National Technical Information
Service, U.S. Department of Commerce, Springfield, VA 22161; please include NTIS report number with inquiry.

Order U.S. Geological Survey publications by mail or over the counter from the offices given below.

BY MAIL
Books

Professional Papers, Bulletins, Water-Supply Papers, Techniques
of Water-Resources Investigations, Circulars, publications of general in-
terest (such as leaflets, pamphlets, booklets), single copies of Earthquakes
& Volcanoes, Preliminary Determination of Epicenters, and some mis-
cellaneous reports, including some of the foregoing series that have gone
out of print at the Superintendent of Documents, are obtainable by mail
from

U.S. Geological Survey, Books and Open-File Reports
Federal Center, Box 25425
Denver, CO 80225

Subscriptions to periodicals (Earthquakes & Volcanoes and
Preliminary Determination of Epicenters) can be obtained ONLY from
the

Superintendent of Documents
Government Printing Office
Washington, D.C. 20402

(Check or money order must be payable to Superintendent of Docu-
ments.)

Maps
For maps, address mail orders to
U.S. Geological Survey, Map Distribution

Federal Center, Box 25286
Denver, CO 80225

Residents of Alaska may order maps from
Alaska Distribution Section, U.S. Geological Survey,

New Federal Building - Box 12
101 Twelfth Ave., Fairbanks, AK 99701

OVER THE COUNTER
Books

Books of the U.S. Geological Survey are available over the
counter at the following Geological Survey Public Inquiries Offices, all
of which are authorized agents of the Superintendent of Documents:

¢« WASHINGTON, D.C.--Main Interior Bldg., 2600 corridor,
18th and C Sts., NW.

« DENVER, Colorado--Federal Bldg., Rm. 169, 1961 Stout St.

« LOS ANGELES,; California--Federal Bldg., Rm. 7638, 300 N.
Los Angeles St.

* MENLO PARK, California--Bldg. 3 (Stop 533), Rm. 3128,
345 Middlefield Rd.

« RESTON, Virginia--503 National Center, Rm. 1C402, 12201
Surrise Valley Dr.

* SALT LAKE CITY, Utah--Federal Bldg., Rm. 8105, 125
South State St.

* SAN FRANCISCO, California--Customhouse, Rm. 504, 555
Battery St.

* SPOKANE, Washington--U.S. Courthouse, Rm. 678, West
920 Riverside Ave..

*» ANCHORAGE, Alaska--Rm. 101, 4230 University Dr.

* ANCHORAGE, Alaska--Federal Bldg, Rm. E-146, 701 C St.

Maps

Maps may be purchased over the counter at the U.S. Geologi-
cal Survey offices where books are sold (all addresses in above list) and
at the following Geological Survey offices:

« ROLLA, Missouri--1400 Independence Rd.

* DENVER, Colorado--Map Distribution, Bldg. 810, Federal
Center

« FAIRBANKS, Alaska--New Federal Bldg., 101 Twelfth Ave.



Chapter A

Simulation of Flow in the Edwards Aquifer,
San Antonio Region, Texas,
and Refinement of Storage and Flow Concepts

By RW. MACLAY and L.F. LAND

Prepared in cooperation with the
San Antonio City Water Board

U.S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 2336

THE EDWARDS-TRINITY AQUIFER SYSTEM,
SAN ANTONIO REGION, TEXAS



DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary

U.S. GEOLOGICAL SURVLEY
Dallas L. Peck, Director

Any use of trade names and trademarks

in this publication is for descriptive
purposes only and does not constitute
endorsement by the U.S. Geological Survey

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1988

For sale by the

Books and Open-File Reports Section
U.S. Geological Survey

Federal Center, Box 25425

Denver, CO 80225

Library of Congress Cataloging-in-Publication Data

Maclay, Robert W.

Simulation of flow in the Edwards Aquifer, San
Antonio region, Texas, and refinement of storage and
flow concepts.

(United States Geological Survey water-supply paper;
2336)

“Prepared in cooperation with the San Antonio City
Water Board.”

Bibliography: p.

Supt. of Docs. no.: | 19.13:2336

1. Groundwater flow—Texas—Edwards Aquifer—
Simulation methods. 2. Groundwater flow—Texas—San
Antonio Region—Simulation methods. I. Land, Larry F.
ll. San Antonio City Water Board. Ill. Title. IV. Series:
U.S. Geological Survey water-supply paper; 2336.
GB1197.7.M33 1988 551.4'9'097643 88-600133



CONTENTS

Abstract Al
Introduction 1
Investigative background 1
Purpose and scope 3
Approach 3
Physiographic and hydrologic setting 4
Acknowledgments S
Geologic framework §
Rock properties S
Structural properties 9
Hydrogeologic framework 12
Hydrology 12
Hydraulic characteristics 17
Initial storage and flow concepts 17
Mathematical model 20
Representation of the aquifer 21
Hydrologic data 23
Hydrogeologic data 23
Simulation of flow 26
General description of simulations 26
Selected simulation 27
Refinement of storage and flow concepts 31
Delineation of storage units 31
Delineation of flow units 36
Identification of possible flow across external boundaries 36
Description of geologic structures that restrict and convey ground water 38
Topics for future investigation 42
Summary and conclusions 44
Selected references 45
Glossary 48

FIGURES

1. Map showing location of San Antonio region, physiographic regions, and
drainage basins that contribute recharge to Edwards aquifer A2
2. Maps showing depositional provinces and geologic structure of south
Texas 6
3. Chart showing correlation of Cretaceous stratigraphic units in south
Texas 9
4-7. Maps showing:
4. Surface geology of study area 10
5. Major faults in study area 11
6. Configuration of base of Del Rio Clay 13
7. Regional water levels during winter of 1973, regional ground-
water-flow pattern, and location of selected observation wells 14
8. Two typical hydrogeologic sections along geologic dip 15
9. Graphs showing annual recharge, discharge, and accumulated recharge and
discharge, 1934-82 16
10. Map showing relative transmissivity values by subareas 18
11. Schematic diagrams showing possible hydraulic restrictions and connections
across faults 19
12. Map showing model grid and recharge and discharge areas 22
13. Map showing delineation of transmissivity subareas 24

Contents Il



IV Contents

14.

15.

16.

17.

18-23.

TABLES

Nk WD =

Metric Conversions

Graphs showing distribution of recharge by drainage basin, 1972-76, and of
combined ground-water withdrawals and spring discharge by county,
1972-76 A25

Graph showing temporal distribution of total recharge and ground-water
withdrawals assigned to model 26

Hydrographs showing comparison of simulated and measured water levels in
selected observational wells 31

Hydrographs showing comparison of simulated and measured discharge at
Comal and San Marcos Springs 31

Maps showing:

18.
19.
20.
21.
22.

23.

Simulated regional water levels, end of 1972 32

Transmissivities used in selected simulation 33

Anisotropy factors used in selected simulation 34

Simulated flow vectors at each cell in model 35

Storage and flow units and areas of flow across external
boundaries 37

Locations of selected geologic structures restricting and conveying
ground water 40

Major structural and depositional features A7

Summary of series of simulations 28

Major storage units 36

Major flow units 38

Ground-water flow across external boundaries 39

Major geologic barriers that restrict ground-water flow 41
Major geologic gaps and channels that convey ground water 43

The inch-pound units of measurement used in this report may be converted to metric units
(International System) by the following factors:

Multiply inch-pound unit By To obtain metric units
cubic foot per second (ft/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
gallon per minute (gal/min) 0.06308 liter per second
gallon per minute per foot [(gal/min)/ft] 0.207 liter per second per meter
inch (in.) 25.40 millimeter
mile (mi) 1.609 kilometer
square foot per day (ft%/d) 0.0929 square meter per day
square foot per second (ft?/s) 0.0929 square meter per second

square mile (mi?)

2.590 square kilometer












































































2500 P
2
8 2000} 3 .
; TN i
2 N 7 B
> 1000 P70 \\ .’,'. .
- §\ b AN
2 - ;/// i - §
: 500";>\/\// %§\\\>\w //
0 1972 1973 T:i? :1”9=7=: 1976
1400 5
O 1200} 4
MENNNN
> 1000 F RN \ > \\ Q\\“
3 600—//A . /A //// -
g 400 s
T
3
a 200 TTIT 11 TIITH-
1972 1973 1974 1975 1976

H NN UERN B

EXPLANATION

DRAINAGE BASINS
(Located in figure 12)

Blanco River

Cibolo Creek and Dry Comal River

Area between Cibolo Creek and
Medina River

Medina River

Area between Sabinal River
and Medina River

Sabinal River
Frio and Dry Frio River

Nueces and West Nueces River

EXPLANATION
COUNTIES

\\\ Hays

7// Comal

Bexar

Medina

Uvalde and
Kinney

Figure 14. A, distribution of recharge by drainage basin, 1972-76 and B, distribution of combined ground-water withdrawals and
spring discharge by county, 1972-76.
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Numerical values for these parameters originally were
estimated on the basis of an initial concept of water storage
and movement in the aquifer. All available geologic,
hydrochemical, and hydrologic information was used to
prepare the initial concepts. Using these concepts, large
values of transmissivity (as much as 10 million ft2/d) were
originally selected for those cells located along major flow
paths. The local direction of ground-water flow is strongly
affected by anisotropic properties of the rocks that control
the orientation of the larger interconnected pores. Anisotropy
within a carbonate aquifer is related to the solubility of the
rocks. Water circulation causes the solutioning to develop
along the main flow paths in carbonate aquifers. Also, the
orientation and occurrence of faults indicate the possible loca-
tions for large values of transmissivity and anisotropy. Values
of anisotropy were assigned to those grid cells believed to
function as major barrier faults.

Original estimates of the hydrogeologic parameters
were adjusted during the calibration process. These estimates
were varied within reasonable limits dictated by deductions
made from the conceptual model and by knowledge of the
geology of the aquifer, and they resulted in the computation
of heads, springflow, and storage that compare satisfactorily
with available data.

Estimates of transmissivity for individual grid cells
ranged from small values of 0.001 to 0.1 ft2/s for cells
representing the slightly saline zone of the aquifer, to inter-
mediate values of 0.1 to 20 ft%/s for cells representing the
unconfined zone, to large values of 20 to 100 ft2/s for cells
representing the confined zone of the aquifer. Most of the
published information forming the basis for these estimates
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Figure 15. Temporal distribution of total recharge and ground-
water withdrawals assigned to model.
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is from Maclay and Small (1984) and Maclay, Small, and
Rettman (1980).

Allowable estimates of anisotropy normal to and along
barrier faults ranged from 0:1, where the Edwards aquifer
is completely offset by faulting, to 0.5:1, where the Edwards
aquifer is partially offset. The initial estimate for anisotropy
associated with faults is from Maclay and Small (1984).
Regional and subarea anisotropy was allowed to range from
0.5:1 to 1:1. The unit anisotropy is in the x-direction, and
the fraction is in the y-direction.

Specific yield estimates range from 2 to 20 percent in
the unconfined zone of the aquifer. The storage coefficient
in the confined zone was allowed to range from 1 x 10~4
to 10~3. Storativity values for the confined and unconfined
parts of the aquifer were estimated using the findings of
Maclay and Small (1984).

SIMULATION OF FLOW

For purposes of this report, a simulation is defined as
a test using quantified hydrologic data (recharge and with-
drawals) and hydrogeologic parameters (transmissivity and
storage) in which the results (hydraulic head and spring
discharge) are computed with a mathematical ground-water-
flow model. The analysis of an individual simulation was
made by comparing the computed results with measured data.
A total of approximately 300 simulations were made during
the investigation to develop the most acceptable model that
was consistent with geologic and hydrologic data. The
experiments were conducted in such a manner that subsets
of simulations were grouped into a series. Each series in-
cluded those simulations that had similar constraints on data
or were representative of different test periods.

General Description of Simulations

In the process of achieving the most acceptable model,
simulations were grouped into series that had similar hydro-
logic or boundary representations. Each series had its own
objective of testing some concept or quantifying hydro-
geologic properties.

A brief description of the objectives and constraints of
each series follows. Series I, II, and III tested the original
estimates of transmissivity as determined from previous
geologic and hydrologic studies. In general, a change in
transmissivity for a single cell, or for a few cells, within the
confined zone had relatively little effect on computed head
or springflow. Also, during these series it was noted that
computed heads in the recharge area in Comal County
generally were significantly lower than the measured heads.
Ground-water inflow from the lower Glen Rose Formation



to the Edwards aquifer was found to be a reasonable assump-
tion along faults where the lower Glen Rose is juxtaposed
against the Edwards Limestone.

Series IV and V were conducted primarily to investigate
the storage characteristics of the aquifer. A significant effect
of anisotropy on retaining water within the unconfined part
of the aquifer was noted. The presence or absence of major
barrier faults strongly affected both the amount of ground
water that was temporarily retained within the unconfined
zone and the computed springflow.

Series VI investigated the sensitivity of computed
springflows and heads to uniform changes of transmissivity
and anisotropy for individual subareas or combinations of
subareas. Also, the effect of varying the length of certain
barrier faults on storage and springflow was noted. The high
sensitivity of the simulated length of the Haby Crossing fault
to the computed discharge of Comal Springs was determined.
By varying the length of this barrier fault, the springflow
could be significantly changed.

Series VII and VIII investigated the effect of varying
anisotropy within the unconfined zone and assumed isotropy
within the confined zone of the aquifer. Anisotropy aligned
with the geologic structure in the unconfined zone caused
computed water levels to be higher within the unconfined
zone. Also, simulations were made to investigate leakage
across barrier faults.

Series IX investigated the effect of no subarea anisot-
ropy (that is, assumed isotropy). The series showed that a
reasonable simulation could be achieved by assuming the
aquifer to be isotropic on a global basis and anisotropic only
along barrier faults.

Series X was conducted to select the simulation that
best represented the Edwards aquifer. The selection was
based on matching the model and its simulation results with
water-level and springflow hydrographs and the regional
potentiometric surface. A summary of each series is given
in table 2.

Selected Simulation

The selected simulation is considered to be the best
representation of ground-water flow in the Edwards aquifer
during 1972-76. It was selected on the basis of matching
measured and simulated water-level and springflow hydro-
graphs, as well as the measured and simulated regional
potentiometric surface in the winter of 1977. Some other
simulations produced results for one or two of the calibra-
tion criteria with lesser differences than those of the selected
simulation, but other criteria had greater differences. These
simulations were judged as a less realistic representation of
the aquifer. To indicate the goodness-of-fit, a comparison
of simulated and measured water levels at selected observa-
tion wells (fig. 16) and springflows (fig. 17) were made. A

simulated water-level map for the end of 1972 is given in
figure 18. Measured water levels during the winter of 1973
from selected wells have been included in figure 18 to
facilitate comparison of simulated and measured values, and
this map can be compared with that of measured water levels
given earlier in figure 7.

The simulated springflows of Comal and of San Marcos
Springs (fig. 17) compare reasonably well with the measured
springflows. The time distribution of simulated springflows
is moderately out of phase with the measured springflows
for 1974-76. The major cause of the phase error probably
is the use of annual average recharge and discharge for these
years. Some of the error may result both from using only
a single value of specific yield in the unconfined zone of the
aquifer and from the lack of information on barrier faults
occurring in the unconfined zone. However, the error is
probably of minor significance because of the goodness-of-
fit between measured and simulated discharge rates and
timing for 1973 and the long-term average discharge rates
for 1974-76.

The long-term simulated water levels of five widely
distributed observation wells for 1972-76 (fig. 16) approx-
imate the long-term measured water levels. As in springflow,
the poorest fit was for 1974-76. For 1973, the magnitudes
of the calculated water-level altitudes and changes are con-
sistent with that of the measured values.

The general pattern of water-level contours on the
simulated regional potentiometric map for the end of 1972
(fig. 18) is consistent with that of measured values. The
simulation demonstrates the effect of major barrier faults on
the regional distribution of the potentiometric surface. A
comparison of the simulated and measured water levels
(figs. 16, 18) shows that the discrepancies are in an area
northwest of Sabinal. This is in the area of very complex
faulting and the convergence of ground-water flow from
northern Uvalde County and northwest Medina County.

The distribution of transmissivities used in the selected
simulation is shown in figure 19. Using the initial distribu-
tion of transmissivities with some cell-by-cell adjustments
of transmissivity as a base, subarea multipliers ranged from
0.15 to 5.00; eight of the subareas used a multiplier of 1.00.
In general, the transmissivities used in the selected simula-
tion increase from west to east in the confined part of the
aquifer. The greatest value of transmissivity is 112 ft2/s
along flow lines leading to Comal Springs, and the least value
is 0.0015 ft2/s in the slightly saline zone.

The distribution of anisotropy is given in figure 20.
As expected, it was necessary to designate the anisotropy
at cells representing the major barrier faults. The anisotropy
at these cells ranged from 0.0:1 to 0.5:1. The effect of the
anisotropy across faults resulted in directional changes of
ground-water flow and impoundment of water. Designation
of a value for anisotropy on a subarea scale was not needed;
thus, all the anisotropy could be accounted for by the barrier
faults.

Simulation of Flow in the Edwards Aquifer, Texas A27
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Table 6. Major geologic barriers that restrict ground-water flow

(ft, foot]

Name

Description

Woodard Cave
fault

Turkey Creek
fault

Uvalde horst

Sabinal horst

Medina Lake
fault

Haby Crossing
fault

Castroville
fault

Pearson fault

Ina Field horst

Northern Bexar
fault

Marks the southeastern boundary of a large, rotated fault
block that is inclined toward the Llano uplift to the
northeast and is associated with a complex system of local
faults that intersect at oblique angles with this fault.
Local grabens occur to the southeast. Erosion has removed
most of the Edwards Limestone updip and in the eastern half.
Prevents direct movement of ground water to the confined
zone in northeastern Uvalde County. Also, functions to
retain the amount of water held in temporary storage within
the area to the northwest of the fault.

Vertical displacement along the fault is 200 to 300 ft,
which is sufficient to separate permeable zones. It is an
extension of Woodard Cave fault. Partially restricts and
diverts ground-water flow from the Blewett channel into the
Uvalde area.

Formed by a complex of local uplifted blocks of the Ed-
wards Limestone and associated stratigraphic units. Leona
Springs occurs within the horst. Prevents direct ground-
water flow to the south and diverts ground water eastward
through the Uvalde graben.

Formed by a wedge of rocks that dips toward the northwest.
The southeastern boundary of the horst has vertical dis-
placement of more than 400 ft and is immediately southeast
of Sabinal. Marks the northeastern boundary of the Knippa

gap.

Marks the southeastern boundary of a major rotated block of
the Edwards Limestone. Partly separates ground water from
the western Medina storage unit from that of the eastern
Medina storage unit. Diverts recharge from Hondo and Seco
Creeks to the southwest. Controls the volume of water held
in temporary storage northwest of the barrier.

Marks the southeastern boundary of a major rotated block of
the Edwards Limestone. Vertical displacements are more
than 500 ft. Displacement in the vicinity of Medina Lake
is sufficient to juxtapose the Edwards aquifer and the
lower Glen Rose aquifer, allowing cross-formational flow.
Other northeasterly trending faults occur in the rotated
block that hydraulically separates flow on opposite sides
of the fault in local areas. Diverts recharge in the
vicinity of Medina Lake southwestward. Hydraulically
isolates the unconfined zone of the Edwards aquifer in
northwestern Bexar County from the confined zone immedi-
ately to the southeast.

The downthrown fault block lies on the gulfward side. Ver-
tical displacement is several hundred feet.

A vertical displacement of more than 500 ft partitions ground
water in the western-southern flow unit.

A local horst adjacent to Biry graben that has a vertical
displacement of several hundred feet. Directs ground water
in western-southern flow unit to the northeast.

A northeasterly trending (previously unnamed) fault having
a vertical displacement from 200 to 300 ft along much of
its length. Diverts ground water from recharge area in
northeastern Bexar County toward Comal County.
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Table 6. Major geologic barriers that restrict ground-water flow—Continued

Name

Description

Luling fault

Alamo Heights
horst

Olympia Heights
horst

Comal Springs
fault

San Marcos
Springs fault

The upthrown fault block lies on the gulfward side. Ver-
tical displacement is several hundred feet. Probably
restricts flow in the freshwater part of the aquifer from
moving directly into the downdip salinewater part. May be
a partial barrier that could restrict salinewater from
moving directly into the freshwater part under certain
hydraulic conditions.

Local horst that is structurally uplifted by 300 to 500 ft.
Diverts ground water to the northwest and southeast around
the horst. Functions as a "bottleneck” in the regional
flow pattern. San Antonio and San Pedro Springs occur
along the southern boundary of this horst.

A northeast-trending block of rocks that extends into the
northwest corner of Guadalupe County near Cibolo Creek.
Restricts ground-water flow to the south and forms the
gulfward boundary of the Comal Springs graben. Some flow
move northeastward along the southeastern boundary of the
horst toward the Comal Springs graben.

Vertical displacement up to 500 ft occurs near New Braunfels.
A transverse fault intersects this fault immediately
northeast of New Braunfels. Restricts flow from the
unconfined zone in Comal County into the confined aquifer.

Southern boundary of the eastern flow unit in Hays County.
Intersected at an oblique angle by a major fault northeast
of San Marcos Springs. Combines and directs ground-water
flow from the "spillover" across Comal Springs fault near
New Braunfels and ground water from the recharge area in
Bexar and Comal Counties toward San Marcos Springs.

TOPICS FOR FUTURE INVESTIGATION

Topics for future investigations on factors affecting the
water movement in and storage capacity of the Edwards
aquifer are based on several speculative concepts concern-
ing the Edwards aquifer. These concepts and inferences are
based on knowledge of the geology and hydrology of the
aquifer, on geologic and hydrologic properties, and on intui-
tion developed from field observations and studies of the
aquifer. These topics are derived from the following
speculative concepts.

1. Cross-formational flow probably exists where one
aquifer is juxtaposed against another. The Edwards aquifer
within the San Antonio region is the principal aquifer within
a multi-layered aquifer system consisting of aquifers in three
geologic groups—the lower Glen Rose Formation, the
Edwards Group of Rose (1972) or its stratigraphic equivalent,
and the Austin Group (fig. 3). Hydraulic connection between
the aquifers is believed to be principally along fault planes.

To better understand and evaluate the possibility of
crossformational flow, the following types of data are needed:

A42 The Edwards-Trinity Aquifer System, San Antonio Region, Texas

potentiometric heads for each aquifer, the chemistry of the
water within each aquifer, structure maps of each aquifer,
the internal stratification and porosity development within
each aquifer, mineralogic and textural characteristics of each
aquifer and confining bed, and the location of regional
recharge and discharge areas.

A significant amount of flow may move across the
Haby Crossing fault from the lower Glen Rose Limestone
to the Edwards aquifer. Recharge to the lower Glen Rose
aquifer can occur in the valley of the Medina River near
Bandera in Bandera County (fig. 1). Flow through the lower
Glen Rose aquifer in Bandera County is southward toward
Medina Lake. Hydraulic heads in the lower Glen Rose
aquifer and the Edwards aquifer are regionally consistent with
each other in the vicinity of Medina Lake (Ashworth, 1983).
Elevated sulfate concentrations in the lower Glen Rose
aquifer and large concentrations of sulfate in the Edwards
aquifer near the Haby Crossing fault (Maclay, Rettman, and
Small, 1980) suggest that water from the lower Glen Rose
aquifer is entering the Edwards aquifer.

Flow from the lower Glen Rose aquifer to the Edwards
aquifer also may occur in the vicinity of Cibolo Creek and



Table 7. Major geologic gaps and channels that convey ground water

Name Description

Blewett channel Many northeast-striking faults locally retard ground-water
flow within the channel. The lesser transmissivity within
the salinewater part of the aquifer limits ground-water
flow into this part of the aquifer. Receives ground water
from westernmost part of western storage unit. Conveys
ground water toward the Uvalde graben.

Uvalde graben Directs ground-water flow to the main confined zone of the
aquifer in Medina County. Complicated by several trans-—
verse faults and volcanic plugs that retard outflow from
the graben. Major barrier horst (Uvalde horst) prevents
ground water in the Uvalde graben from moving directly
downdip toward the salinewater. Transmits ground water
from the Blewett channel and the Dry Frio-Frio River gap
toward the Knippa gap.

Leona Springs Small structural gap within the Uvalde horst. Permits water

gap to readily move from the vicinity of Uvalde to Leona
Springs. Springs may discharge into surficial gravel
deposits along Leona Creek along fault planes. Local
unnamed barrier faults and rocks of lower transmissivity
within the salinewater part restrict movement of ground
water from the freshwater part into the salinewater part
of the aquifer.

Dry Frio-Frio Complex network of normal faults and local uplifted blocks

River gap of the Edwards Limestone that are exposed at the land
surface. Some ground water from western storage unit moves
across the Woodard Cave fault at this gap to join the
ground water in the Uvalde graben.

Knippa gap Narrow opening within an extensive, complex barrier system
that includes the combination of the Uvalde and Sabinal
horsts and the Medina Lake fault. Through this opening,
ground water flows from the western and western Medina
storage units southward and downdip toward the southernmost
part of the aquifer in southeastern Uvalde and southwestern
Medina Counties. The gap occurs in the Devils River
Limestone and lies near the less-permeable rocks of the
Maverick basin.

Biry graben Occurs between the Pearson fault and an unnamed fault to the
southeast.

Bracken gap The Comal Springs fault does not fully offset the entire
thickness of the aquifer at this location. At higher water
levels, some ground water from the eastern flow unit enters
the Comal Springs graben to combine with ground water from
the north-central flow unit.

Comal Springs Narrow graben containing extremely transmissive rocks. Oc-—

graben curs between the Comal Springs fault on the northwest and
a complex system of upthrown fault blocks on the southeast.
Northeastern end of graben is cut by a transverse fault
that forms a partial barrier to ground-water flow. Trans-
mits ground water to Comal Springs.

Hueco Springs Narrow graben that contains the complete thickness of the

graben Edwards aquifer, whereas area to the northwest and south-
east of the graben are underlain by only a fraction of the
stratigraphic thickness of the aquifer. Cut by many
transverse faults that may retard ground-water flow. Hueco
Springs occurs near one of these transverse faults and
may be partially fed by ground water from the Glen Rose
Formation that enters the Hueco Springs graben as cross-—
formational flow. Receives recharge from Cibolo Creek
watershed northwest of Hueco Springs fault. Transmits
this water toward Hunter channel.
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Table 7. Major geologic gaps and channels that convey ground water—Continued

Description

Gruene spillover

Hunter channel

A transverse fault cuts across the Comal Springs graben
immediately northeast of the Guadalupe River. Prevents
flow from continuing northeastward in the Comal Springs
graben and forces water to flow upward along the fault
plane of the Comal Springs fault near Comal Springs. Flow
from the Comal Springs graben that has bypassed Comal
Springs joins flow in the northern part of the eastern
flow region.

Narrow channel between the Comal Springs and San Marcos
Springs faults containing extremely transmissive rocks.
Most of the ground water probably is transmitted through
the stratigraphic units above the regional dense member.
Transmits flow from Gruene spillover near Comal Springs
and from the eastern flow unit toward San Marcos Springs.

along northeasterly trending faults in the outcrop area in
Comal and Hays Counties.

2. The total availability of water from storage should
also include parts of the lower Glen Rose and Austin Group
aquifers in addition to the Edwards aquifer because of
hydraulic connections among these three aquifers. The
storage capacity of an integrated system that includes the
Edwards aquifer and its hydraulic connection with the Austin
and lower Glen Rose aquifer may be significantly larger than
that formed solely within the Edwards aquifer. Most of the
additional storage is believed to be in the lower Glen Rose
aquifer that occurs in the Edwards Plateau, updip of the
Edwards aquifer. The reasons are the extent of the uncon-
fined conditions in this area and the better hydraulic flow
connection. The availability of this potentially larger storage
capacity to supply water to the Edwards aquifer is greatly
dependent upon the hydraulic characteristics of the rocks in
the vicinity of the hydraulic connection between the aquifers.

3. Flow within the Edwards aquifer from the fresh-
water to the salinewater part may occur locally where the
geology is not complicated by barrier faults. Flow may move
between and along the parallel faults that lead from the
freshwater part to the salinewater part of the aquifer.

SUMMARY AND CONCLUSIONS

The flow of the Edwards aquifer in the San Antonio
region was mathematically simulated to refine the ground-
water storage and flow concepts. The analyses resulted in
a better understanding of the significance of faults on ground-
water storage and flows and of the magnitudes of aquifer
hydraulic properties.

The Edwards aquifer lies in the Balcones fault zone and
underlies an area of about 3,200 mi2. It is recharged by
streams draining the Edwards Plateau that lose streamflow
by infiltration in the recharge area of the Edwards aquifer.

A44 The Edwards-Trinity Aquifer System, San Antonio Region, Texas

The dominant regional pattern of ground-water flow in the
Edwards aquifer is generally southward in the unconfined
zone and then eastward toward major discharge areas.

The Edwards aquifer consists of variably stratified and
faulted carbonate rocks that transmit water principally
through selected zones that have well-developed secondary
porosity and permeability. At places, the permeable strata
are hydraulically interconnected by open, inclined fractures.
The lateral continuity of the permeable strata is interrupted
by normal, high-angle faults that, at places, displace the entire
thickness of the Edwards aquifer. The Edwards aquifer is
partly composed of the regionally extensive Edwards Lime-
stone and stratigraphic equivalent rocks of Early Cretaceous
age. These rocks are exposed throughout the Edwards Plateau
and underlie, at depth, the Gulf Coastal Plain of Texas. The
Edwards Limestone in the confined zone of the aquifer is
400 to 600 ft thick.

The structure of the Edwards aquifer has many disrup-
tions caused by a complex system of differentially rotated
fault blocks that rise toward the San Marcos platform. The
faulting produces local barriers that have significant control
on ground-water movement and serve as water impound-
ments.

The Edwards aquifer is very permeable. The trans-
missivity is estimated to be greater than 100 ft2/s. The
storage coefficient of the Edwards aquifer is estimated to
range from 1 X 1074 to 10~5 for the confined part and
generally from less than 0.05 to about 0.20 for the uncon-
fined part.

The approach for simulating and refining the stor-
age and flow concepts of the aquifer was to use a two-
dimensional, finite-difference ground-water-flow model to
represent the system. The general approach in the develop-
ment of the model was to start with a rather simple represen-
tation of the aquifer framework and to increase the complex-
ity of the model in steps.

The ground-water-flow model was tested against
hydrologic data for 1972-76. Discharge approximately



equaled recharge in 1972. Recharge was unusually large in
1973 and more than the long-term average for 1974-76.

The boundary of the model was placed slightly outside
of the natural boundaries of the flow system. External bound-
aries were defined as the updip limits of the recharge area
to the north and northwest, the transition zone between the
freshwater and salinewater parts of the aquifer to the south
and southeast, and ground-water divides to the west and
northeast. The orientation of the model grid, which was
40 rows and 72 columns, is about 65 degrees east of north
in order to achieve the best alignment with the strike of the
faults in the Balcones fault zone. Numerical values for the
hydrogeologic parameters (transmissivity, anisotropy, and
storage coefficient) originally were estimated on the basis
of initial concepts of storage and flow within the aquifer and
are based on available geologic, hydrochemical, and
hydrologic information.

The model was considered an acceptable representa-
tion of the aquifer when simulations produced the best match
between measured and simulated head and springflows and
produced a reasonable representation of the regional poten-
tiometric surface. The largest values of transmissivities were
112 ft2/s along flow lines that lead to Comal Springs; the
smallest values were 0.0015 ft%/s in the slightly saline zone.
The storage coefficient was estimated to be 0.05 in the un-
confined zone and 0.0001 in the confined zone of the aquifer.
The direction of ground-water flow vectors for February
1973 demonstrates the effect of major barrier faults on the
regional potentiometric surface. The most noticeable pattern
of flow vectors is the concentration of flow vectors that repre-
sent the southward flow through the Knippa gap, a few miles
west of Sabinal.

The major interpretations that resulted from simula-
tion studies are the following:

1. Four major storage units were defined. Most of the
storage that affects ground-water flow to the San Antonio
area is contained within the unconfined zone of the aquifer
(western and western Medina storage units), which is north-
west of the Haby Crossing barrier fault complex that extends
to the southwest.

2. Four flow units were defined. Two flow units occur
in the western and central part of the region and converge
at Comal Springs. The two other units converge toward
Comal Springs or San Marcos Springs.

3. Subsurface springs discharge along faults and to
gravel deposits along Leona Creek in Uvalde County. They
occur in the vicinity of, and are controlled by, a horst located
south of Uvalde.

4. The Uvalde graben, which lies between the
Woodard Cave barrier fault and the Uvalde horst, transmits
ground water from the west to the extensive confined zone
of the aquifer in the central and southern part of the San
Antonio region.

5. The area of largest transmissivity in the Edwards
aquifer occurs within a narrow graben (Comal Springs

graben), which extends along the downthrown side of the
Comal Springs fault in Comal County.

6. Significant quantities of ground water probably
cross the Comal Springs fault in Comal County near the
Bexar County line. Depending on the water levels of the
aquifer, pumpage in San Antonio, and recharge conditions
in Bexar and Comal Counties, the direction of flow across
this fault may reverse.

7. Ground water in the unconfined zone of the aquifer
in northeastern Bexar, Comal, and Hays Counties is diverted
by barrier faults toward San Marcos Springs.
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GLOSSARY

Anistropic aquifer. An aquifer is anistotropic if the hydraulic con-
ductivity varies with the direction of measurement at a point
within the aquifer.

Cell. A rectangular subarea that results from segmenting the
aquifer system by a ground-water-flow model.

Collapse breccia. Formed where soluble material has been partly
or wholly removed by solution, thereby allowing the overly-
ing rock to settle and become fragmented.

Cone of depression. A depression in the potentiometric surface
of a body of ground wtaer that has the shape of an inverted
cone and develops around a well from which water is being
withdrawn. It defines the area of effect of a well.

Confined aquifer. An aquifer contained between two rock units
that retard but do not prevent the flow of water to or from
an adjacent aquifer.

Conformable. An unbroken stratigraphic sequence is conformable
if the layers are formed one above the other in parallel order
by regular, uninterrupted deposition under the same general
conditions.

Dedolomitization. The replacement of dolomite by calcite in water
with a very small magnesium to calcium ratio, which removes
magnesium ions from the dolomite.

Diagenesis. All the chemical, physical, and biological changes,
modifications, or transformations undergone by a sediment
after its initial deposition and during and after lithification,
exclusive of surficial weathering and metamorphism.

Dolomitization. The process by which limestone is wholly or
partly converted to dolomite or dolomitic limestone. The
replacement of the original calcium carbonate (calcite)
by magnesium carbonate, usually through the action of
magnesium-bearing water.
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En echelon faults. Faults that are in an overlapping or staggered
arrangement.

Evaporite. A nonclastic sedimentary rock composed primarily
of minerals chemically precipitated from a saline solution that
became concentrated by evaporation.

Fault scarp. A steep slope or cliff formed directly by movement
along one side of a fault and representing the exposed surface
of the fault before modification by erosion and weathering.

Fissile. Capable of being easily split along closely spaced planes.

Graben. An clongate, relatively depressed crustal unit or block
that is bounded by faults on its long sides.

Horst. An elongate, relatively raised crustal unit or block that
is bounded by faults on its long sides.

Hydraulic conductivity. The volume of water at the prevailing
kinematic viscosity that will move in unit time under a unit
hydraulic gradient through a unit area measured at right angles
to the direction of flow.

Karstification. Action by water (mainly chemical but also me-
chanical) that produces features of a karst topography,
including caves, sinkholes, and solution channels.

Lithofacies. The general aspect or appearance of the lithology
of a sedimentary bed or formation considered as the expres-
sion of the local depositional environment.

Marl. Earthy and semifriable or crumbling unconsolidated
deposits consisting chiefly of a mixture of clay and calcium
carbonate in varying proportions formed under either marine
or especially freshwater conditions.

Porosity. The ratio of the aggregate volume of interstices (open-
ings) in a rock or soil to its total volume, usually states as
a percentage.

Potentiometric surface. A surface that represents the static head.
As related to an aquifer, it is defined by the levels to which
water will rise in tightly cased wells.

Rudist. A bivalve mollusk, characterized by an inequivale shell,
that lived attached to the substrate and formed mounds or reefs
during Cretaceous age.

Specific capacity. The rate of yield of a well per unit of draw-
down, usually expressed as gallons per minute per foot
(gal/min/ft) of drawdown. If the yield is 250 gal/min and the
drawdown is 10 ft, the specific capacity is 25 gal/min/ft. It
varies with duration of discharge.

Specific yield. The quantity of water that an aquifer will yield
by gravity if it is first saturated and then allowed to drain;
the ratio expressed in percentage of the volume of water
drained to the volume of the aquifer that is drained.

Supratidal. Describes the region of the ocean shore found just
above the high-tide level.

Transmissivity. The rate at which water of the prevailing kine-
matic viscosity is transmitted through a unit width of an aquifer
under a unit hydraulic gradient.

Unconfined aquifer. An aquifer in which the water table forms
the upper boundary.



